Open Access (Article begins on next page) Anyone can freely access the full text of works made available as "Open Access". Works made available under a Creative Commons license can be used according to the terms and conditions of said license. Use of all other works requires consent of the right holder (author or publisher) if not exempted from copyright protection by the applicable law. 
Introduction
More than 11% of the world flora is endemic to the Alps, and 81% of the narrow endemics are restricted to the Maritime and Ligurian Alps in the Italian provinces of Cuneo, Imperia and Savona (Aeschimann et al. 2011) . Owing to the overall richness of the flora and incredibly high number of endemic species, this portion of the mountains has long been recognised as one of the biodiversity hotspots of the Mediterranean basin (Médail & Verlaque 1997 , Casazza et al. 2005 , Aeschimann et al. 2011 ).
The peculiar co-occurrence in this region of geological, edaphic and climatic discontinuities has largely contributed to the current high level of diversity (Minuto et al. 2006 , Grassi et al. 2009 , Szövényi et al. 2009 ). Geographical and climatic gradients acting as natural barriers among species and populations can eventually lead to the differentiation of new endemic taxa (Thompson et al. Godron (1855: 180) var. burnatii Planch.). In this regard, a biosystematic study is in progress aimed at clarifying the systematic status and distribution of the two taxa; however, irrespective of its closeness to F. meleagris or F. tubiformis, all Italian populations with dark purple flowers have been referred to F. tubiformis var. burnatii (Planch.) Rouy (1910: 403) (L. Peruzzi, Pisa, pers. comm.) .
Understanding the details of population biology of endemics of this part of the Alps is a prerequisite for their conservation and predicting the impact of the global change on these rare species. Small, isolated populations often have low genetic variability and in changing environments are more prone to genetic erosion than larger populations (Frankham 1995 , Booy et al. 2000 , Ouborg et al. 2006 , Jones et al. 2011 . Peripheral and small populations, nevertheless, may maintain a high degree of local differentiation as a consequence of scattered or geographically oriented distributions as documented in some rare plants (Booy et al. 2000 , AEgisdottir et al. 2009 , Jones et al. 2011 . Marginal populations indeed may contain unique genetic variation and be of particular value for conservation of a species.
Here, we have measured genetic variability of F. tubiformis subsp. moggridgei, including all seven presently known Italian populations. Genome size can limit the range of molecular markers available for nuclear DNA fingerprinting because these techniques perform suboptimally, and levels of polymorphism identified are typically an underestimate in taxa with large genomes . For example, multilocus fingerprinting methods such as AFLP (amplified fragment length polymorphism) have proved to be an efficient way of detecting polymorphisms in endangered and highly fragmented populations (Kitner et al. 2012) , but this approach was ineffective (Fay et al. 2009 ) in species with large genomes as found in Fritillaria Linnaeus (1753: 303) (1C = 87.3 pg in F. japonica Miquel, 1867: 158; Ambrožová et al. 2011) .
For characterization of population diversity and genetic structure in F. tubiformis subsp.
moggridgei, we designed ten plastid DNA markers. As demonstrated by Fay et al. (2009) for British plants of Cypripedium calceolus Linnaeus (1753: 951) , plastid microsatellites represent an effective alternative to nuclear DNA markers to reveal genetic variability in species with large nuclear genomes.
Investigations that take into consideration divergence of infraspecific variants can provide information about how speciation happens and which factors are most important to promote divergence (McGlaughlin & Friar 2011) . This analysis has therefore been implemented with four populations of F. tubiformis var. burnatii sampled in the Piedmont at the boundary of the range of F. tubiformis subsp. moggridgei.
Given the possibility as hypothesised by Bartolucci & Peruzzi (2012) that var. burnatii could be closer to F. meleagris than to F. tubiformis, before proceeding with the plastid DNA fingerprinting we conducted a maximum parsimony analysis on a combined DNA sequence matrix of the plastid matK gene and rpl16 intron to evaluate placement of F. tubiformis subsp. moggridgei relative to F. tubiformis var. burnatii, F. meleagris sensu stricto and other Eurasian Fritillaria species, as sampled in Rønsted et al. (2005) The main foci of this research were: i) an analysis of genetic diversity and differentiation among and within populations of F. tubiformis subsp. moggridgei and potential ii) gene flow between this species and neighbouring populations of F. tubiformis var. burnatii. We will refer to the former taxon as subsp. moggridgei and the latter as var. burnatii throughout the remainder of this paper. In addition, we hope that our results would provide guidance for future conservation programs of this rare microendemic.
Materials and methods

Plant material
The plant material used in this study was collected from 11 populations of F. tubiformis s.l.
distributed across the Maritime and Ligurian Alps. Italian populations of subsp. moggridgei are known to be distributed along the southernmost boundaries of the species range and were all Sequences were edited and assembled using Sequencher version 4.1 (Gene Codes, Ann Arbor, Michigan, USA). They were aligned manually with those retrieved from GenBank in PAUP* 4.0b4 for Macintosh (Swofford 2002) . Matrices can be obtained from the first author (marco.mucciarelli@unito.it); DNA sequences produced for this study were deposited in GenBank (accession numbers KC409110, KC409111, KC409112, KC409113, KC409114, KC409115, KC409116, KC409117, KC409118). Cladistic analysis were conducted using PAUP* 4.0b4 (Swofford 2002) . Sequences of Cardiocrinum giganteum (Wallich, 1824:21) Makino (1913:125) and Notholirion thomsonianum (Royle, 1839: 92) Stapf (1934: 95) were designated as outgroups in accordance with Rønsted et al. (2005) . Phylogenetic analysis was conducted as described by Rønsted et al. (2005) using the heuristic search option. In brief, we performed 1000 replicates of random taxon addition using subtree-pruning-regrafting (SPR) branch swapping algorithm with 25 trees held at each step. Trees collectively found in these 1000 replicates were used as starting trees for a second search with no tree limit until all trees at this length were found. Robustness was assessed with bootstrap using 1000 replicates of simple addition and TBR swapping. Here we report only the strict consensus tree of 451 shortest trees (Fig. 2) .
Identification of length-variable loci
We searched for length-variable loci flanked by conserved regions in non-coding spacers and introns of plastid DNA of F. tubiformis using primers given in literature (Taberlet et al. 1991 (Table 4) . If two different indel events occurred at the same position in different samples, as for the psbD-trnT spacer (single indels of different lengths), alleles were numbered (Table 4) .
Definition of haplotypes
As defined by a combination of alleles for the 10 loci, 56 were identified. Each haplotype was defined by the exact number of repeats, which allows these to be analyzed according to the stepwise mutation model (SMM) (measuring genetic differentiation among populations according to variance in allele size; Slatkin 1995 were also calculated for all populations taken together (see below).
Genetic diversity was also estimated by calculating allelic richness (r (21) ) per population using CONTRIB (Table 6 ). Although there were no differences in sample size of F. tubiformis s.l.
populations except one, allelic richness was corrected using the rarefaction method (Kalinowski 2004). To provide robust estimates, the sample size of the smallest population sample minus one (n = 21; Table 6 ) was used for rarefaction (Fay et al. 2009 (Nei 1973) (relative differentiation in Pons & Petit 1996) was also calculated in CONTRIB on unordered haplotypes (Table 6 ) and for the two subspecies also (G st ; For each taxon, total number of haplotypes, percentage of exclusive haplotypes, average number of polymorphic loci (N), average number of alleles per locus (A), allelic range (R), proportion of private alleles (f private ), total (H t ) and average within-population gene diversity (Hs) (Nei 1987) were calculated in CONTRIB (Table 7) . Average gene diversity across loci (H) and GarzaWilliamson statistics (G-W index) were calculated with ARLEQUIN (Table 7) .
Genetic structure in subsp. moggridgei populations was studied by analysis of the overall molecular variance (AMOVA) estimated among and within populations with ARLEQUIN (Table 8; Excoffier et al. 1992) . To differentiate the contribution to variation derived from indels and single mononucleotide substitutions, degree of population differentiation and relative fixation indices were estimated by two statistical methods. The F ST statistic following Weir & Cockerham (1984) allows estimates of genetic structure indices based on the number of alleles and their frequencies in haplotypes. The R ST statistic (Slatkin 1995) takes into account differences between allelic sizes (sum of square size differences). Both F ST and R ST statistics with the corresponding fixation indices were therefore calculated on overall variance (Table 8 ) and each locus ( Table 9 ).
The AMOVA analysis was also performed by creating a genetic structure with two groups of populations corresponding to the two taxa ( analysis of variance, total variance was partitioned into covariance components due to inter and intrapopulation differences as reported (Table 8) .
Haplotype network
Two median-joining (MJ) networks (Bandelt et al. 1999 ) containing all shortest least complex trees (MPtrees) were constructed using NETWORK 4.6.0.0. (www.fluxusengineering.com). This method arranges haplotypes into a network where number of mutations along branches is a measure of divergence between haplotypes. In addition, the software uses parsimony criteria to identify median vectors, i.e. consensus of mutually similar sequences of markers, possibly equivalent to unsampled/extinct haplotypes. In order to evaluate the contribution of the five indels alone, and by implementing the data matrix with the remaining hypervariable regions (loci 1, 2, 3, 5, 6), two MJ networks were obtained ( Fig. 3A-B ). To reduce complexity of the resulting MJ network, rapidly changing and less discriminating characters were down-weighted ( 
Multidimensional scaling analysis (MSD)
To clarify genetic differentiation of F. tubiformis s.l. populations, a multivariate analysis was carried out by subjecting population pairwise estimates of F ST (Weir & Cockerham 1984; Fig. 5) and R ST (Slatkin 1995 
Results
Analysis of matK and rpl16
The combined plastid matrix contained 31 taxa including F. tubiformis s.l. (Table 1 , Fig. 1 ) and other Fritillaria species (Table 2 ). The strict consensus tree ( analysed for ten variable plastid DNA regions (Table 3 ). Five mononucleotide repeats (A or T
homopolymers) were found in the trnL-trnF, psbK-trnS(GCU), trnE(UUC)-trnT(GGU), trnP(UGG)-petE/G and clpPexon1-psbB intergenic spacers of the LSC region of F. tubiformis s.l.
These homopolymers were highly variable in the samples studied and ranged in size from 6 to 26 bp (Table 4) . Two species-specific simple indels (insertion/deletion) events and two simple plus one double species-specific indels of tandem repeats (repeats of an adjacent sequence) were observed.
One indel consisting of a 5 bp tandem repeat (ACTTT) was found at position 288 of the aligned matrix in the intron of the rpoC1gene (rpoC1exon2-rpoC1exon1). Two single indels (tandem repeats of 30 and 17 bp) were found at position 316 of the aligned matrix in the psbD-trnT(GGU) intergenic spacer of the LSC. An indel due to a tandem repeat of 9 bp (TTTTAGAAA) was detected at position 274 of the aligned matrix in the rpl33-rps18 intergenic spacer (Table 4) . Two indels of unique sequence at positions 228 and 388 of the aligned matrix, consisting of 7 (ATTCTTT) and 5 bp (CCGAA), respectively, were found in the petA-psbJ intergenic spacer. Among the six indels, four were deletion events (5, 9, 7 and 5 bp) shared between all members of F. tubiformis burnatii (Table 4 ; Fig. 3 ), and locus 7 (psbDtrnT) showed a 30-bp deletion shared between all the members of subsp. moggridgei (211 bp fragment length; Table 4 ; Fig. 3 ), except for a few members of the Vallone di Cravina (CRA) population, in which the deletion at locus 7 was 13 bp (228 bp fragment length; Table 4 ; Fig. 3 ). In all cases where sequences were redone from new PCR products, the same indels were found.
Haplotypes recovered and their distribution
All 10 length-variable regions were successfully scored; the final matrix contained information for 260 out of 264 individuals. All loci were highly variable, corresponding to a total number of 51 alleles (Table 4) . Fifty-six haplotypes were obtained from the combined alleles for the ten scored regions (data not shown); nine haplotypes had at least one missing value and were therefore deleted from the data matrix. We found 24 haplotypes in var. burnatii and 32 in subsp. moggridgei, none of which was shared between the two species. Three haplotypes with the highest absolute and relative within-population frequencies, 45.5, 66.7 and 40.7%, were found in populations GAL, MAR and SAC, respectively. Population CRA with nine was the richest population in haplotypes. Haplotypes in var. burnatii ranged from 5-8 per population, and only those belonging to PRA and DRO were population-exclusive. One haplotype from population PRA and one from ROS were the most frequent in var. burnatii (relative frequency 46.1 and 34.6%, respectively).
Microsatellite diversity locus by locus
All loci were polymorphic, with the total number of alleles per locus ranging from 2-13, with a total of 51 different alleles at the ten loci (Tables 4, 5 and proportion of polymorphic loci (P). These were low in MAR (two loci; P = 20%), SAM and CRA populations (three loci; P = 3033%) and high in ROS, FRO and SAC (five loci; P = 50%; Table 6 ). Average number of alleles per locus (A) varied even more, especially in subsp.
moggridgei, ranging from 1.0 to 5.3 in MAR and SAM populations, respectively (Table 6 ).
However, when considering only polymorphic loci (A poly ), differences among populations decreased considerably (Table 6 ). ranged from 7.14-11.15 in var. burnatii and from 5.82-13.18 in subsp. moggridgei (Table 6 ). G-W indexes varied between 0.817-1.000 (Table 6 ).
Genetic differentiation (Nei 1973) 
Distribution of genetic diversity in the two taxa
Among the 56 haplotypes, the proportion of subspecific-specific haplotypes was distributed as follows: 32 exclusive haplotypes belonged to subsp. moggridgei and 24 were exclusive to var.
burnatii (Table 7) . Genetic diversity was similar for the two subspecific taxa. There were six polymorphic loci in subsp. moggridgei and five in var. burnatii (as for other loci with indels, locus psbD-trnT was monomorphic in the four populations sampled for the latter taxon). The average number of alleles per locus was 2.9 for var. burnatii and 3.4 for subsp. moggridgei, probably as a consequence of the high allelic variation in the mononucleotide repeat loci in individuals of population SAM (Tables 4-7 ). The allelic range was R = 4.35 for the species (4.35 is the average difference between the maximum and minimum number of repeats at all loci) and not statistically different in subsp. moggridgei (R = 4.5) or var. burnatii (R = 4.2). The proportion of private alleles was high in subsp. moggridgei (f private = 4.5% unique alleles) and considerably higher in var.
burnatii (f private = 5.9%) for the contribution of populations SER and DRO (Table 7 ; see also (Table 7) . GW indices were high for both subspecies (0.9610.942), supporting estimates at the population level of moggridgei and var. burnatii, respectively).
Distribution of genetic variation
AMOVA showed that overall divergence among populations of subsp. moggridgei was high and that molecular variation was almost equally distributed among and within populations based on the infinite alleles and stepwise-mutation models: among populations F ST = 54.06% and R ST = 56.57%;
within populations F ST = 34.20% and R ST = 22.23% (Table 8) .
When the relative contribution of each locus to the total variation encountered in F. tubiformis s.l. was considered, we found that loci 4, 7, 8, 9 and 10 with only indels made the largest contribution to divergence among populations with no appreciable differences according to the statistical algorithm employed (96.27100% and 99.04100% for F ST and R ST , respectively). In addition, all populations were fixed for these monomorphic loci (F ST = 0.9631) ( Table 9 ). On the other hand, microsatellite loci 1, 2, 3, 5 and 6 (and to some extent locus 7) made different contributions to the two components of total variation in accordance with the statistical algorithm employed. It is clear ( Table 9 ) that microsatellite loci made the greatest contribution to the "among populations" component when evaluated according to the stepwise mutation model (R st = 61.8994.57%) and to the "within populations" component when in the infinite alleles model (F ST = 53.3883.07%; Table 9 ). Overall F ST for the plastid loci in F. tubiformis s.l. was 0.66. Table 8 ) and the proportion due to differences among population within subspecies (F SC = 0.510, P < 0.0001; Table 8 ) and due to differences within populations (F ST = 0.816, P < 0.0001; (Table 8 ).
Haplotype network
Haplotype distribution and composition of F. tubiformis s.l. produced an MJ network ( Fig. 3A) with no torso and only three nodes (Ha, Hb1 and Hb2), which form two main clusters (A and B)
clearly partitioning the two taxa; clusters were separated from each other by five positions corresponding to the five indels at loci 4, 7, 8, 9, 10 ( Fig. 3 ; Table 4 ). Haplotypes of var. burnatii clustered at the Ha node (37.8% of the total number of individuals) and were characterized by a 241-bp fragment at locus 7 (region psbD-trnT) and by four deletions (5-9 bp) at loci 4, 8, 9 and 10 (Table 4) . Populations of subsp. moggridgei accounted for the remaining 62.2% of the total number of individuals, partitioned between haplotypes Hb1 and Hb2. Haplotype Hb1 is directly connected to the var. burnatii cluster and consists of the subsp. moggridgei individuals characterized by a 228-bp fragment at locus 7 ( Fig. 3A ; Table 4 ). These are all individuals exclusive to the Cravina population (frequency 1.8%) of the Valle Pesio (site # 1 in Fig. 1 ). The second and larger cluster Hb2 (frequency 60.4%) is composed of all remaining subsp. moggridgei individuals characterized by a 211-bp fragment at locus 7 (psbD-trnT; Fig. 3A ).
By weighting phylogenetic distances within the network ( = 10) a high-resolution full median MJ network of all ten microsatellites was obtained (Fig. 3B) . It consisted of a torso connecting two main clusters with maximum parsimony, each one of closely related haplotypes (just one change between nodes). Cluster A comprised seven haplotypes for var. burnatii (total frequency 42.6%), and cluster B was made up of 11 haplotypes of subsp. moggridgei (frequencies 57.4%) (Fig. 3B ).
The phylogenetic distance between the two clusters was due to six changes clearly separating the two taxa (Fig. 3B ) and corresponding to the short indels at loci 4, 8, 9 and 10, the 13-bp indel at locus 7 (psbD-trnT) and the hypervariable locus 5 in the trnP-petE-G region. The median vector mv1 (Fig. 3B) is positioned between the two subspecific taxa in order to accommodate a hypothesised ancestral or missing sequence bearing a further 17bp indel in the psbDtrnT region (locus 7; Fig. 3B ; Table 4 ). The haplotype distribution within the two taxa (cluster A and B) gave two complex networks. Two median vectors (mv3 and mv4) were positioned within cluster B in order to accommodate three peripheral haplotypes (Hp, Hq and Hr) belonging to the southern populations of subsp. moggridgei from the Valle Tanaro (FRO and GAL; sites # 3, 4, Fig. 1 ). On the other hand, the most common subsp. moggridgei haplotypes (SAC, CRA, MAR and SAM; site # 9, 1, 5, 10, Fig. 1 ) occupied a central position in cluster B (Fig. 3B) . Cluster A grouped all accessions of var. burnatii and showed a poorly resolved network with the four sampled populations largely intermixed.
Multidimensional scaling analysis (MDS)
According to multidimensional scaling, two main genetic groups were detected among the 11 populations of subsp. tubiformis s.l. (Fig. 4) . The first two dimensions (PCO1 and PCO2) of the MDS plot accounted for 71.3% of total variance. The first axis (PCO1) corresponded to the greatest variation and broadly separated the two subspecific taxa in accordance with network results. This component is likely to represent the contribution of the five indel mutations to the overall differentiation between the two subspecies, and this was confirmed by populations of var. burnatii
showing the same kind of indels here grouped closely (cluster B; Fig. 4 ). MSD was also useful for detecting populations possessing some intermediacy between the two genetic groups. This was reliable in the case of subsp. moggridgei populations, which were well resolved by the second axis (PCO2) accounting for 20.9% of variation. In accordance with NETWORK (Fig. 3, cluster B) , the Val Tanaro populations (GAL and FRO) clustered together in the PCO plot, well separated from the remaining northernmost populations. Populations CRA SAC and SAM (Val Stura) grouped together irrespective of their geographic position (Fig. 4) . Pian del Lupo, on the other hand, was separated from all other populations, in accordance with NETWORK results.
The MDS analysis stressed genetic differentiation between the taxa and supported a higher level of genetic complexity within the subsp. moggridgei populations. Similarly, when using R ST estimates, which relies on the sum of square size differences, the PCO plot split all populations in two narrow clusters, with PCO1 accounting for almost all total variance (88.79%; data not shown).
Discussion
Genetic variation in large genomes
As demonstrated by Fay et al. (2009) Table 9 ) and on differences at the polymorphic loci (100% percentage variation, R ST = 1.000 and R ST = 0.990 for the psbD-trnT region; Table 9 ). When the MJ network resulting from the five indels was incorporated with variation in the trnP-petE/G spacer, which at the population level had the most informative of the mononucleotide repeats (D ST = 0.506, G ST = 0.704, the highest values for all scored loci), it was clear that the two taxa were separated by at least six steps (Fig. 3B ).
Although one must be careful in employing polymorphic haplotypes to make evolutionary inferences (Hamilton et al. 2003) , the level of plastid DNA divergence recovered here was striking (99.8% of the total gene diversity found in both taxa; Table 7 ), thus confirming utility of indels in measuring genetic variation between taxa. They differed in the proportion of private alleles and genetic divergence, which was greater in subsp. moggridgei (G st = 0.193 vs. 0.128; Table 7 ). The latter found support in the PCO analysis (Fig. 4) based on allele frequencies, in which subsp.
moggridgei populations were dispersed along the PCO2 component due to their greater genetic divergence (see, for example, populations MAR, CRA and PLU from Valle Pesio).
The psbD-trnT spacer of the plastid LSC (large single copy) DNA has been found to be highly variable in Solanaceae (Daniell et al. 2006) and contains large indels (57-94 bp) in Minuartia L. showed that individuals bearing the 228 bp fragment are ancestral to the whole subsp. moggridgei gene pool (Fig. 3A) . Considering that this sub-population is located in the uppermost part of the Vallone di Cravina (CRA), we speculate that they may represent a founder population for all others in Valle Pesio.
Gene diversity and its distribution in populations of subsp. moggridgei and F. tubiformis s. l.
Average genetic diversity within populations of F. tubiformis s. l. was low (H s = 0.179; Table 5 Table 5 ).
AMOVA supported these observations and, consistent with genetic indices, showed that greater genetic variation is to be expected "among" rather than "within" subsp. moggridgei populations (FST 54.06 vs. 45.94%, Table 8 upper part). Percentage variation of the "within populations" component, however, ranged between 45.9-43.4%, proving that despite a consistent degree of genetic isolation, gene flow still creates variability among individuals of subsp. moggridgei. When AMOVA was repeated on both taxa (Table 8 , lower part), percentage variation was equally distributed "among" and "within" populations (FST 19.11 vs. 18 .36%; RST 14 vs. 10%, Tab 8 lower part), but in this case most variation was due to genetic differences between the two taxa.
With regard to the possible causes of the observed low gene diversity within subsp. moggridgei populations, we can exclude bottleneck effects. Most populations exhibited high numbers of polymorphic loci and alleles per locus (Table 6) Narcissus triandrus by Hodgins & Barrett (2007) . In addition, G-W values were close to 1 in all populations sampled (Table 6 ). This statistic is sensitive to population bottlenecks and is expected to be close to one in stationary populations (Garza & Williamson 2011) .
Genetic drift and population isolation along narrow alpine valleys is probably the cause of low gene diversity observed within most of subsp. moggridgei populations. Allelic richness is a gene diversity parameter suggested to be useful for identifying populations that deserve special management because of reduced diversity, i.e. population bottlenecks reduce allelic richness more quickly than heterozygosity (Kalinowski 2004) . In this context, population MAR actually showed gene diversity indices notably lower (A = 1 and allelic richness r (21) = 1.88) than any other population. We feel, therefore, that this population should be regarded as a priority target in future conservation of F. moggridgei in Valle Pesio. In consideration of its lower elevation with respect to the other two populations in the same valley (PLU and CRA) population MAR is likely to have originated from a founder/s brought down during transhumance of cattle.
As argued by AEgisdottír et al. (2009) for C. thyrsoides, we believe that considerable genetic differentiation is to be expected in F. tubiformis considering that, except for occasional long-distance transport of seeds by grazing animals, this species has limited seed dispersal capacities. As observed in the literature, geological and climatic discontinuities typical of the Alps acting as natural barriers among species and populations (AEgisdottir et al. 2009 , Schwienbacher et al. 2010 and references therein) may lead to fragmentation of a widespread ancestral taxon (Hughes & Hollingsworth 2008 , Xu et al. 2011 , Takahashi et al. 2011 . Limitation of seed dispersal, clonality through bulb dispersion and habitat fragmentation may have resulted in genetically and morphologically distinct populations that diverged from the more widespread species towards development of localized endemics. Fritillaria tubiformis subsp. moggridgei is one such endemic from the Ligurian Alps.
Conclusions
Based on plastid DNA variation and haplotype distribution, we can claim that subsp. moggridgei and Italian populations of var. burnatii clearly belong to different genetic pools. This finding is consistent with our phylogenetic analysis and with: i) the high proportion of species-specific private alleles that fixed plastid haplotypes within the two taxa (Table 7 ; Fig. 3) , ii) similar levels of gene diversity, iii) the fact that, when a genetic structure is introduced in the analysis, most genetic variation among populations is due to differences between subspecies moggridgei and var. burnatii (AMOVA, Tables 8). Based on the inferred steps among plastid DNA haplotypes, the two taxa are separated by a minimum of six with no observed intermediate haplotypes (Fig. 3) .
Based on all these results, we feel that subsp. moggridgei may merit species rank. Further studies aimed at clarifying the systematic status and actual distribution of this taxon are already in progress.
Our study indicates the hypothesis of a long and independent history with little or restricted gene flow of local populations of F. moggridgei. Special attention, therefore, should be devoted to all these populations because they may contain specific genetic variation e.g. adaptive germination and dormancy traits (Carasso et al. 2011 (Carasso et al. , 2012 of high value for maintenance of the species in a longterm evolutionary perspective. The two-letter code after localities indicates the administrative province (CN = Cuneo, Piedmont; IM = Imperia, Liguria). Numbers (#) correspond to the sampled sites of Fig.1 . § Sample size refers to the number of individuals for which haplotype data were collected. Classification of Fritillaria according to Rix (2001) . Sample numbers (#) in first column. For other information on species and vouchers see Rønsted et al. (2005) . GenBank accession numbers as in http://www.ncbi.nlm.nih.gov. Name of the gene, type of repeat, motif and size in base pairs, total fragment length (bp) and alleles found are given for each locus. * For indels and repeats the total length of the corresponding sequenced fragment is given; otherwise, it refers to the size range (bp) of the microsatellites. For locus definition see Table 4 . * The significance threshold was determined by 10100 permutations. burnatii are labelled with a star symbol and those belonging to subsp. moggridgei with a solid circle. Most of the sampled populations are located at the boundary between Piedmont (P) and Liguria (L) (Italy). Insets show, top left, sampling sites numbered as for populations (see Table 1) and, top right, the position of the sampled area within the Alps. analyzed for ten microsatellite loci. The first (PCO1) and the second (PCO2) axes explain 50.4%
and 20.9% of total variation, respectively. Acronyms correspond to populations (see Table 1 ). The two genetic groups corresponding to the two subspecific taxa are circled. 
